Several investigators (Bauman & Murray, 1968; Koh, Kayton, & Berry, 1973; Nachmani & Cohen, 1969) have found that the recall memory of schizophrenic patients is impaired while their recognition memory is intact. Based on the multitrial free-recall data obtained from young nonpsychotic schizophrenics and adopting the two-process theory that mnemonic organization is a crucial strategy for recall but not for recognition (Kintsch, 1970a) , Koh, Kayton, and Berry (1973) have suggested that the recall memory of young nonpsychotic schizophrenics is probably impaired because of their difficulty in organizing or "chunking" input materials into higher units to economize the limited capacity of the short-term memory. Lawson, McGhie, and Chapman (1964) and Truscott (1970) also reported that schizophrenics have difficulty remembering passages with higher contextual constraints and interpreted this finding as evidence of their relative inability to perceive the organization inherent in the passages. These investigators, furthermore, reported that the recall deficit of schizophrenics disappeared or decreased with lower contextual passages, suggesting the significance of an organizational factor in the schizophrenics' recall deficit.
It would be, however, an oversimplification to assume that the organizational dysfunction or the failure to perceive contextual constraints is the sole determinant of the impaired recall of schizophrenics. The memory processes or "strategies" which are not organizational in nature and are beyond the experimenter's control are many and varied in any recall task (see Postman, 1972) . Rehearsal, selective attention, memory-storage capacity, vulnerability to interference, etc., may differentially affect the recall of schizophrenics (see Buss & Lang, 196S; Lang & Buss, 196S) . In their replication of the experiment by Lawson et al. (1964) , for example, Raeburn and Tong (1968) found that low intelligence and psychomotor retardation, rather than the inability to perceive a series of words as an organized pattern, were important factors influencing the schizophrenics' recall deficit. , The present experiment was designed to examine specifically the mnemonic processes which are not primarily organizational, or which are organizational but not primarily semantic or linguistic, in nature. The procedure of single-trial free recall using multiple word lists studied and recalled in succession was adopted, instead of the procedure of multitrial free recall using a single word list. The mnemonic organization resulting from repeated learning of a single list was therefore eliminated. The organizational cues present in the to-be-remembered materials were further minimized by using words with moderately low frequency of usage, imagery, concreteness, meaningfulness, and affectivity. In addition, both the immediate-and delayedrecall paradigms were incorporated in the experiment in an effort to assess the capacity of the short-term and long-term components of mnemonic processing.
IS
The problems of specific interest in the present study were: (a) whether the recall memory of young nonpsychotic schizophrenics is impaired, even though the organizational factors present in the recall task are minimized; and (6) what are the characteristics of and how efficient are the mnemonic processes or strategies adopted by the schizophrenics.
METHOD Subjects
Twenty schizophrenics and 20 normals participated in this experiment. The two groups were approximately equivalent in age, education, and vocabulary as assessed by the Wechsler Adult Intelligence Vocabulary Scale. They were all unmarried Caucasians with middle or upper socioeconomic backgrounds. Table 1 summarizes the actuarial characteristics of the subjects.
The procedure used to select the schizophrenic subjects was described in detail by Grinker and Holzman (1973) and summarized in the previous paper by Koh et al. (1973) . The subjects were selected on the basis of systematic psychiatric interviews, ratings, and history taking. The diagnostic criteria centered around the presence of thought disorder, pervasive anhedonia, excessive characterological dependency, impaired competence, and a vulnerable sense of self-regard. All of the subjects had been admitted to the hospital for the first time for what appeared to be psychotic states of turmoil, confusion, and withdrawal, but, once admitted, they soon entered into a remission with little evidence of subsequent disorganization. They participated in the experiment during this postpsychotic phase and exhibited no behavioral evidence of psychotic decompensation and/or pronounced paranoid elements. It is believed that this group of young nonpsychotic schizophrenics represents the essence of the schizophrenic syndrome uncontaminated by long-standing hospitalization and chronic schizophrenic adaptation.
The normal controls were college students. They were screened by the Minnesota Multiphasic Personality Inventory (MMPI), and any person whose T score was over 70 on any subscale, except for the Masculinity-Femininity scale, was rejected. The MMPI was also administered to 18 schizophrenic subjects (2 subjects refused to take the test) after they were selected for the experiment. Their mean MMPI profile matched the 2-7-8 code type (elevated Depression-Psychasthenia-Schizophrenia) which Gilberstadt and Duker (1965) classified as pseudoneurotic schizophrenia or chronic undifferentiated schizophrenia.
Material
In order to minimize the organizational features of the materials, the following criteria were adopted in selecting 120 words: (a) Thorndike-Lorge (1944) frequency counts from 1 to 49, excluding the high frequency words; (b) low Imagery (scale values less than 5), low Concreteness (less than 5), and low Meaningfulness (less than 6) values according to the Pavio, Yuille, and Madigan (1968) norms; affectively neutral words as judged by the experimenters. Ten 12-word lists were constructed. Care was taken to prevent any obvious semantic association among the words within a list. The number of syllables varied from one to four and the ThorndikeLorge frequency counts also varied, but they were approximately equal among the 10 lists (mean syllables, 2.8; mean frequency counts, 14.3). Ten replicates of each list were made randomizing the word order in each of the replicates. Then 10 randomized orders of the 10 lists were constructed. The words were tape recorded at a two-second rate with a noninflected male voice. A prerecorded bell signaled the beginning and the end of the list.
Procedure
The subjects were tested individually. The materials were played back on a Teac A-1200U stereophonic tape deck, binaurally through Koss PRO-4A earphones. First, the immediate (no delay) free recalls were administered using five different word lists. After a break, the delayed free recalls were administered using another set of five different lists. In the no-delay condition, the subjects was instructed to listen to the words via earhones and, as soon as he heard the signal at the end of the list, to say into a microphone attached to a Sony tape recorder as many words as he could recall in any order. He was allowed 30 seconds for recall. Then the next trial using a new list was commenced with a minimum delay. Prior to the five experimental trials, the subject was given two trials for practice, using two six-word lists. In the delay condition, following the terminal bell, the recorded male voice announced a two-digit number. Then the subject was required immediately to count aloud by three until he heard another bell which signaled the start of his free recall. This delayed interval filled with a counting task was 10 seconds long. Prior to these delayed trials, two practice trials were given using another set of two six-word lists. Figure 1 shows the number of words recalled in the no-delay (left panel, PM + SM) and delay conditions (right panel) as a function of trials. The PM + SM refer to the words retrieved from both the primary (PM) and secondary (SM) memory stores or the short-term and long-term memory stores. An overall analysis of variance (2 Groups X 2 Delays X S Trials) applied to the data indicated that the normals recalled better than •the schizophrenics (F = 17.83, df = 1/38, p < .001), the no-delay recall was better than the delayed recall (F = 42.03, df = 1/38, p < .001), and the recall performance deteriorated as the trials progressed (F = 12.60, df = 4/152, p < .001). There was no significant interaction among these three factors. A 2 (Group) X S (Trial) analysis of variance conducted separately for the no-delay and delay conditions led to similar conclusions: group effect, F= 17.7, df = 1/38, p < .001, for the no-delay condition, and F = 10.7, df = 1/38, p < .01, for the delay condition; trial effect, F = 3.13, df = 4/152, p < .05, for the no-delay condition, and F = 4.53, df = 4/152, p < .01 for the delay con-dition. The Group X Trial Interaction was not significant in either conditions, F < 1.
RESULTS AND DISCUSSION

Recall Performance
These results clearly indicate that the recall memory of nonpsychotic schizophrenics is inferior to that of the normals, even though organizational variables in the task are kept at a minimum. This finding is therefore at variance with the notion that the schizophrenics' recall of low contextual passage is intact (Lawson et al., 1964) . The significant performance decrease over trials suggests the proactive inhibition usually found in the single-trial free recall using multiple lists (Wickens, 1970) . Since the Group X Trial interaction was negligible, the schizophrenics are not especially vulnerable to the proactive inhibition. There was, however, a noticeable trend of the release from proactive inhibition in the normals (Trial 4 under the no-delay condition; Trial 5 under the delay condition), while such a trend was not found in the schizophrenics.
In an attempt to clarify the underlying mnemonic processes which might be associated with these schizophrenic recall deficits, the serial position effect, capacity of the primary and secondary memories, input-output concordance, intrusion of inappropriate words, and psychomotor retardation were considered next.
Serial Position Effect and Primary and Secondary Memories
The serial position curves which relate the percentage of words recalled (five trials combined) to the serial position are presented in Figure 2 . In order to smooth the functions, running averages were used in plotting the curves: each point represents the average of the given position, the preceeding one, and the succeeding one, except the first and last ones. In both conditions, there is a strong primacy effect which spans the first three or four serial positions. The difference between the two conditions is most conspicuous in the recency effect which spans the last four serial positions.
For analysis, serial positions were divided into three segments: primacy, Positions 1-4; middle, Positions 5-8; and recency, Positions 9-12. For the primacy segment, a 2 (group) X 2 (delay) X 4 (serial position) analysis of variance applied to the number of words recalled indicated no significant group and delay effects, but a significant serial position effect (F = 4.34, df = 1/38, p < .05) and a significant Group X Delay interaction (F = 4.34, df -1/38, p < .05) were found. Further analysis made because of this interaction effect revealed that the group effect was significant for the delay condition (F = 4.62, df = 1/38, p < .05). For the middle segment, the group effect (F = 3.19, df = 3/114, p < .05) was significant, but the delay effect (F < 1) was not. For the recency segment, the group effect (F = 10.78, df = 1/38, p < .01), delay effect (F = 114.18, #=1/38, p< .001), serial position effect (F = 29.91, df = 3/114, p < .001), Delay X Serial Position interaction (F -34.90, df = 3/114, p < .001), and triple interaction (F = 3.49, df = 3/114, p < .05) were all significant. That is, the schizophrenics' recall was inferior to the normals' in all three segments, except for the primacy segment under the no-delay condi-tion, and the effect of the delay condition was restricted in the recency segment. Several investigators (see Kintsch, 1970b, pp. 136-219) have presented evidence for a two-store model of human memory, that is, the primary memory which is transient and limited to storage and processing capacities and the secondary memory which is much more stable and larger in these capacities. According to this model, the recency effect found in free recall reflects both the primary and secondary memory components, while the primacy effect and the middle segment reflect solely the secondary memory component. The marked drop of the recency effect found in delayed free recall is interpreted as the result of loss of items held in the primary memory. Since the schizophrenics' performance was consistently poor in all three segments under the delayed condition and poor in the middle segment under the no-delay condition, it appears that their secondarymemory capacity is much less than that of the normals. The insignificant group difference in the primacy effect under the no-delay condition is, however, a counter evidence of this interpretation.
For an estimation of the primary memory capacity of the schizophrenics, the procedure of Tulving and Colotta (1970) which separate the primary and secondary memory components in free recall was used. They classified a recalled word as output from the primary memory provided that no more than seven words (either later stimuli or responses) intervened between its presentation and its recall. A word with more than seven intervening words was classified as output from the secondary memory store. In the present study, the criterion number for the intervening words was taken as five, since the memory span under the no-delay condition was less than five ( Figure 1 ). The recall from the primary memory store is summarized in the Figure  1 left panel. The group difference was small (average 2.4 and 1.9 words, respectively, for the normals and schizophrenics), but it was significant (F = 7.SO, df = 1/38, p < .01). Neither the trial effect (F = 2.27, df = 4/ 152) nor the Group X Trial interaction (F = 2.1 S, df = 4/152) was significant. It is, however, possible that these estimations are contaminated by concomitant operations of other variables. Since the delay condition specifically affects the primarymemory component, the schizophrenics' slow response time and the time consumed for intrusions of inappropriate items, which will be considered later, might have led to the above underestimation of their primary-memory capacity. Furthermore, in free recall, the rehearsal and selective attention are under the subject's control. Accordingly, the subject can rehearse and pay more attention to the earlier items in the string at the expense of middle or later items, or vice versa. That is, the mnemonic strategy the subject adopts, rather than his capacity, might have been reflected in the above estimation. For more precise estimations of these component processes, a separate experiment in which the subject's output is under the experimenter's controls, such as a probe retention procedure (e.g., Peterson & Peterson, 1959; Phillips, Shiffrine, & Atkinson, 1967) , is needed. For the present, we may conclude that the primary and secondary memories of the schizophrenics as reflected in the serial position curve are in general limited as compared to those of the normals.
Input-Output Concordance
The extent to which the subject retains the input order of the string in his recall is called the input-output concordance and is an indicator of an organization based on stimulus contiguity rather than on semantic association. Mandler and Dean's (1969) intertrial repetition measure was used. The number of pairs of words in each subject's recall which was repeated from the contiguity (bidirectional) was first obtained. The intertrial repetition measure is then the ratio of the obtained intertrial repetitions to the maximum possible intertrial repetitions (correction for the number of words recalled). The mean intertrial repetitions scores for the five trials were, respectively, .23 and .21 for the normals and schizophrenics under the no-delay condition and were, respectively, .17 and .07 under the delay condition. The group difference was not significant for the no-delay condition (p > .05), but it was significant for the delay condition (* = 3.4, df = 38, p < .01).
The difference between the two conditions was not significant in the normals (p > .05), but it was significant in the schizophrenics (t = 3.5, df = 19, p < .01). There was no consistent trend in the intertrial repetition scores over trials in either condition.
In order to assess the strategic significance of the input-output concordance, the productmoment correlation between the intertrial repetition scores and the number of words recalled was computed. The coefficients were: -.12 for the schizophrenics and .44 (p < .05) for the normals, under the no-delay condition; .41 (p > .05) for the schizophrenics and .59 for the normals (p < .01), under the delay condition. That is, the input-output concordance was a mnemonic strategy for the normals, but it was not for the schizophrenics.
Intrusion Errors
The total numbers of intrusions for the five trials under the no-delay and delay conditions were, respectively, 64 and 30 for the schizophrenics and 25 and 20 for the normals. The percent intrusions based on the number of words recalled were, respectively, 32% and 27% for the schizophrenics and 12% and 12% for the normals. The group differences in the percentage scores were significant in both conditions: t = 3.64, df = 18, p < .01, for the no-delay condition; t = 3.9, df = 18, p < .01, for the delay condition. The intrusion errors were further classified into three categories: the previous-list intrusion, extraneous intrusion (the source of intrusion unknown), and acoustic intrusion. Under the no-delay condition, the three types of intrusions were, respectively, 8%, 12%, and 12% for the schizophrenics and 5%, 4%, and 2% for the normals. The group differences in the extraneous and acoustic intrusions were both significant (p < .05). Under the delay condition, the intrusions were, respectively, 12%, 12%, and 4% for the schizophrenics, and 5%, 6%, and 1% for the normals. The group difference was not significant under this condition. The productmoment correlations between the number of intrusions and the number of words recalled for the schizophrenics and normals were, respectively, -.28 and -.45 (p < .05) for the no-delay condition and -.28 and -.23 for the delay condition.
These results show that the schizophrenics are inefficient in filtering out intrusions of irrelevant items in their memory. However, it is not clear whether this excessive intrusion in the schizophrenics' recall is attributable to their loose filtering mechanism to response competitions (McGhie, 1970) or to their loose response criterion. The negligible correlation between the recall performance and intrusion scores in the schizophrenics and the high intrusion errors committed by them under the no-delay condition seem to imply that the schizophrenics are perhaps more willing to guess or to emit any plausible words when they cannot recall (loose response criterion). The significant negative correlation between the recall and intrusion in the normals, on the other hand, suggest that the filtering is, at least, a part of their recall strategy.
Psychomotor Retardation
Since the oral response was tape recorded in the present experiment, it was possible to plot the number of words emitted as a function of time. As expected, the cumulative number of words emitted was a negatively accelerated function of time. A semilog plot of these results to achieve a linearity is shown in Figure 3 . For the no-delay condition, the curves are still a negatively accelerated function, showing a rapid emission up to about 10 seconds (3.1 words per log second for normals; 2.3 words per log second for schizophrenics) and then a markedly slower rate for both groups (1.2 words per log second). For the delay condition, on the other hand, the curves were approximately linear for the entire 30-second recall period (2.7 words per log second for normals; 1.8 words per log second for schizophrenics). In both conditions, the slopes for the patients were markedly flatter than those for the normals. The slope for the first 10 seconds of the no-delay condition was steeper than the slope for the delay condition, suggesting that the former slope reflected output from both the primary and secondary memory stores, while the latter slope reflected mostly output from the secondary memory store. These results confirm the finding by Raeburn and Tong (1968) that schizophrenics are extremely slow in recall and suggest that their recall, especially the retrieval from the primary memory store, is impaired in part because of this slowness.
Phenothiazine Medication
As summarized in Table 1 , 13 of the 20 schizophrenics were receiving phenothiazine medication and 7 of them were drug free. In order to assess the medication effect, the data were separately analyzed for the drug and nodrug groups. Although no group differences were found to be statistically significant, there was a small but noticeable trend that the drug group did better than the no-drug group under the delayed condition. The mean numbers of words recalled for the five trials under the delayed condition were, respectively, 3.6, 2.9, 2.7, 2.6, and 2.6 words for the drug groups and, respectively, 2.7, 2.6, 2.1, 2.4, and 2.1 words for the no-drug groups. Under the no-delay condition, such differences disappeared. The primacy and middle segments of the serial position effect plotted for the drug group were consistently higher than those for the no-drug group under both the no-delay and delay conditions, but this difference disappeared in the recency segment. The intrusion errors and recall rate over time were both about the same between the two groups.
Since the pathology of the patients who are receiving the phenothiazine medication is presumably worse than the drug-free patients, this tendency of superiority shown by the drug group appears to be noteworthy. A separate experimental inquiry as to whether the phenothiazine medication specifically improves the secondary memory or long-term memory system is in order.
The principal findings from the present experiment were that the recall performance of the young nonpsychotic schizophrenics is inferior to that of the normals even when the experimenter has minimized introduction of contextual constraints into the recall task; and that this recall deficit of the schizophrenics is, at least in part, attributable to a combined operation of their limited primary and secondary memory capacities, inefficiency in utilizing the stimulus contiguity for mnemonic organization, vulnerability to intrusions, and slow response time.
As previously mentioned, the schizophrenics' recognition memory is intact, while their recall memory is impaired. In recall, part of memory must include a search-and-retrieval operation, but this is not the case for recognition (Kintsch, 1970a; Underwood, 1972) . This additional operation required for recall as well as the notion of limited capacity of the short-term memory led Handler (1967) to postulate that process of memorization is a process of organization and accordingly organization determines recall. The present experiment, however, has identified the locus and nature of some nonorganization processes which are in part responsible for the schizophrenics' recall deficit. After an extensive review of the literature, Postman (1972) concluded that it may be somewhat premature to claim that mnemonic organization is a necessary condition for recall. Our account of schizophrenics' recall deficit, at the present, has much in common with this general notion. That is, when the findings by Koh et al. (1973) and those of the present study are taken together, both organizational and nonorganizational dysfunctions appear to underlie the recall deficit of schizophrenics. We should like to point out, however, the possibility that the schizophrenic dysfunction in nonorganizational processes may simply reflect their organizational dysfunction; or nonorganizational processes may set a preliminary condition for mnemonic organization. For example, Handler (1968) stated that rehearsal, repetition, or time per se do not produce recall; they only permit the subject to organize input material into higher units. Craik (1973) reported that rehearsal does not necessarily enhance retrieval, and Shiffrin (1973) suggested that rehearsal of higher-order code facilitates recall. Further studies may identify some common processes underlying these descriptively different mnemonic operations.
A significant notion that has emerged in recent studies of human memory is that efficient recall presupposes some active, intentional processes on the part of the subjects (e.g., Kintsch, 1970a; Posner & Warren, 1972) . We have little to suspect the general intention of our schizophrenic subjects to perform well, but we do not know whether they have actively tried to organize, rehearse, select, mediate, imagine, associate, and so forth to improve their recall performance. If assuming such a specific attentional motivation is valid, we are perhaps dealing with their cognitive style, habit, or adaptation rather than their mnemonic capacity. Tests of this assumption, using the experimental paradigms of intentional arid incidental learning, are currently in progress at our laboratory.
